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DESCRIPTION 

DC-DC CONVERTER 

5 TECHNICAL FIELD 

The present invention relates generally to charge- 
pump-type DC-DC converters having a constant voltage circuit 
provided at a previous stage, and more particularly to a 
charge pump-type DC-DC converter having an overcurrent 
10 protection circuit. 

BACKGROUND ART 

The charge pump-type DC-DC converters allow high 
voltage to be obtained with high efficiency for a low current 
15 load. Further, the charge pump-type DC-DC converters dispense 
with components such as a transformer and an inductor, so that 
all circuits can be integrated into a single IC. Accordingly, 
the charge pump-type DC-DC converters have been employed in a 
wide variety of circuits such as a memory circuit, a CCD drive 
20 circuit, and an LCD drive circuit. 

However, the conventional charge pump- type DC-DC 
converters have only been able to generate a voltage that is 
an integral multiple of an input voltage. In order to solve 
this problem, a charge pump-type DC-DC converter additionally 
25 including a variable voltage source at a previous stage so as 
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to be able to set an input voltage to a desired value to 
obtain a desired output voltage has been proposed. Japanese 
Laid-Open Patent Application No. 5-111241 discloses such a 
charge pump-type DC-DC converter. 
5 The conventional charge pump-type DC-DC converter 

having a variable voltage source at a previous stage employs a 
constant voltage circuit as the variable voltage source, and 
includes an overcurrent protection circuit in the constant 
voltage circuit. 

10 FIG. 1 is a circuit diagram showing a conventional 

charge pump-type DC-DC converter 100. The DC-DC converter 100 
includes a constant voltage circuit part 101 and a charge pump 
circuit part 102. Further, the constant voltage circuit part 
101 includes a voltage control part 103 and an overcurrent 

15 protection circuit part 104. The voltage control part 103 

includes a voltage control transistor Ma, resistors Ra and Rb 
generating and outputting a detection voltage VdA proportional 
to the output voltage VoA of the constant voltage circuit part 
101, a reference voltage generator circuit 111 generating a 

20 predetermined reference voltage VrA, and an operational 
amplifier AMPa. 

The operational amplifier AMPa controls the gate 
voltage of the voltage control transistor Ma so that the 
detection voltage VdA is equalized with the reference voltage 
25 VrA: As a result, the output voltage VoA of the constant 
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voltage circuit part 101 is equal to VrA x (Ra + Rb)/Rb, where 
Ra and Rb indicate the resistances of the resistors Ra and Rb, 
respectively . 

The over current protection circuit part 104 includes 
a current detection transistor Mb detecting the current 
flowing through the voltage control transistor Ma, a resistor 
Rc converting the current flowing through the current 
detection transistor Mb into voltage, an operational amplifier 
AMPb comparing the voltage generated in the resistor Rc and 
the detection voltage VdA, and a current control transistor Mc 
controlling the output current of the voltage control 
transistor Ma. 

Referring to FIG . 2, when the output current ioA of 
the constant voltage circuit part 101 increases to ia, the 
voltage at the inverting input terminal of the operational 
amplifier AMPb exceeds the detection voltage VdA to switch on 
the current control transistor Mc. As a result, the gate 
voltage of the voltage control transistor Ma increases. 
Accordingly, the output voltage VoA of the constant voltage 
circuit part 101 decreases, and an increase in the current ioA 
output from the voltage control transistor Ma is controlled. 
When the output voltage VoA of the constant voltage circuit 
part 101 decreases, the detection voltage VdA also decreases. 
Accordingly, the current ioA output from the voltage control 
transistor Ma starts to decrease. This relationship between 
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the output voltage VoA and the output current ioA is shown in 
FIG. 2. In FIG. 2, the characteristic indicated by OUTa 
represents the relationship between the output voltage VoA and 
the output current ioA of the constant voltage circuit part 
5 101, and the characteristic indicated by OUTb represents the 
relationship between the output voltage VoB and the output 
current ioB of the charge pump circuit part 102. 

As shown' in FIG. 2, when the output voltage VoA of 
the constant voltage circuit part 101 decreases to 0 V, the 
10 output current ioA decreases to only ib. This is because if 

the overcurrent protection circuit part 104 reduces the output 
current ioA to 0 A, the output voltage VoA may not rise in the 
case of rising from 0 V. When the output voltage VoA of the 
constant voltage circuit part 101 is 0 V, a positive offset 
15 voltage is caused to be generated at the inverting input 

terminal of the operational amplifier AMPb so that a current 
of ib flows as the output current ioA. The offset voltage may 
be generated by, for instance, changing the size of each of 
the transistors used for the two inputs of the operational 

20 amplifier AMPb. 

The charge pump circuit part 102 includes switch 
elements SWa, SWb, SWc, and SWd, which are MOS transistors, 
capacitors Ca, Cb, and Cc, and a clock generator circuit 112 
controlling the switching of the switch elements SWa through 

25 SWd. The clock generator circuit 112 generates and outputs 
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clock signals CLKa , CLKb, and CLKc. The switching of the 
switch element SWa, the switching of the switch element SWd, 
and the switching of the switch elements SWb and SWc are 
controlled by the clock signals CLKa, CLKb, and CLKc, 
respectively. The clock signals CLKa and CLKb are opposite in 
phase. The switch, element SWa is switched ON when the level 
of the clock signal CLKa is LOW, and the switch element SWd is 
switched ON when the level of the clock signal CLKb is HIGH. 
Accordingly, the switch elements SWa and SWd are switched ON 
and OFF simultaneously. 

The switch elements SWb and SWc are switched ON when 
the level of the clock signal CLKc is LOW. When the switch 
elements SWa and SWd are switched ON, the capacitor Cb is 
charged with the output voltage VoA of the constant voltage 
circuit part 101. When the switch elements SWb and SWd are 
switched ON, the voltage of the capacitor Cb is added to the 
capacitor Ca, so that the capacitor Cc is charged with the 
combined voltage. Accordingly, the voltage of the capacitor 
Cc, which is the output voltage VoB of the charge pump circuit 
part 102, is double the output voltage VoA of the constant 
voltage circuit part 101. Since the output voltage VoB of the 
charge pump circuit part 102 is double the output voltage VoA 
of the constant voltage circuit part 101, the output current 
ioB of the charge pump circuit part 102 is half of the output 
current ioA of the constant voltage circuit part 101 as shown 
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in FIG. 2. 

However, according to such a conventional circuit, 
even when the output terminal OUTb of the charge pump circuit 
part 102 is short-circuited to ground, the output voltage VoA 
5 of the constant voltage circuit part 101 is prevented from 

becoming 0 V, and is only reduced to a voltage Vs shown in FIG. 
2. This is because the switch elements SWa through SWd are 
provided between the output terminal OUTa of the constant 
voltage circuit part 101 and the output terminal OUTb of the 
10 charge pump circuit part 102. This causes the problem that a 
current ic, larger than the current ib that flows when the 
output terminal OUTa of the constant voltage circuit part 101 
is short-circuited to ground, flows as the current ioA 
supplied from the constant voltage circuit part 101. 

15 

DISCLOSURE OF THE INVENTION 

Accordingly, it is a general object of the present 
invention to provide a charge pump-type DC-DC converter having 
a constant voltage circuit at a previous stage in which the 

20 above-described disadvantage is eliminated. 

A more specific object of the present invention is 
to provide a charge pump-type DC-DC converter having a 
constant voltage circuit at a previous stage, the DC-DC 
converter including an overcurrent protection circuit that can 

25 reduce the output current of a charge pump circuit part to a 
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desired value even if the output terminal of the charge pump 
circuit part is short-circuited to ground. 

The above objects of the present invention are 
achieved by a DC-DC converter of a charge pump type, 
including: a constant voltage circuit part configured to 
convert an input voltage into a first voltage and output the 
first voltage from a first output terminal; a charge pump 
circuit part configured to convert the first voltage input 
from the constant voltage circuit part into a second voltage 
and output the second voltage from a second output terminal; a 
current detection circuit part configured to convert an output 
current of the constant voltage circuit part into a third 
voltage and output the third voltage; a first output voltage 
detection circuit part configured to detect the first voltage 
at the first output terminal and generate and output a first 
detection voltage proportional to the detected first voltage; 
a first overcurrent protection circuit part configured to 
compare the output third voltage and the output first 
detection voltage and reduce the output first voltage and the 
output current of the constant voltage circuit part when the 
output third voltage is higher than the output first detection 
voltage; a second output voltage detection circuit part 
configured to detect the output second voltage of the charge 
pump circuit part and generate and output a second detection 
voltage proportional to the detected second voltage; and a 
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second overcurrent protection circuit part .configured to 
compare the output third voltage and the output second 
detection voltage and reduce the output first voltage and the 
output current of the constant voltage circuit part when the 
5 output third voltage is higher than the output second 

detection voltage. 

According to the above-described DC-DC converter, a 
second overcurrent protection circuit part performing 
overcurrent protection by detecting the output voltage of a 

10 charge pump circuit part is provided so as to operate when the 
output voltage of the charge pump circuit part is reduced 
below the output voltage of a constant voltage circuit part. 
Accordingly, even if the output terminal of the charge pump 
circuit is short-circuited to ground, the output current of 

15 the charge pump circuit can be reduced to the same current 
value as when the output terminal of the constant voltage 
circuit part is short-circuited to ground. Therefore, the 
reliability of the DC-DC converter is increased. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the 
present invention will become more apparent from the following 
detailed description when read in conjunction with the 
accompanying drawings, in which: 

25 FIG. 1 is a circuit diagram showing a conventional 
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charge pump- type DC-DC converter; 

FIG. 2 is a graph showing the relationship between 
output voltage and output current at each output terminal of 
the conventional DC-DC converter; 
5 FIG. 3 is a circuit diagram showing a DC-DC 

converter according to an embodiment of the present invention; 

FIG. 4 is a timing chart of clock signals output 
from a clock generator circuit of the DC-DC converter 
according to the embodiment of the present invention; and 
10 FIG. 5 is a graph showing the relationship between 

output voltage and output current at each output terminal of 
the DC-DC converter according to the embodiment of the present 
invention . 

15 BEST MODE FOR CARRYING OUT THE INVENTION 

A description is given below, with reference to the 
accompanying drawings, of an embodiment of the present 
invention . 

FIG. 3 is a circuit diagram showing a DC-DC 
20 converter 1 according to the embodiment of the present 
invention . 

The DC-DC converter 1 includes a constant voltage 
circuit part 2 and a charge pump circuit part 3. The constant 
voltage circuit part 2 generates a preset constant voltage 
25 from an input voltage Vil input to an input terminal INI, and 
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outputs the generated voltage from a first output terminal 
OUT1 as an output voltage Vol. The output voltage Vol of the 
constant voltage circuit part 2 is input to the charge pump 
circuit part 3. The charge pump circuit part 3 outputs an 
integral multiple of the output voltage Vol from a second 
output terminal 0UT2 as an output voltage Vo2 . 

The constant voltage circuit part 2 includes a 
voltage control part 11 and an overcurrent protection circuit 
part 12. The voltage control part 11 performs control so that 
the output voltage Vol is constant at a predetermined constant 
voltage VI. The overcurrent protection circuit part 12 
detects a current iol output from the first output terminal 
OUT1 and a current io2 output from the second output terminal 
OUT2. When the detected output current iol and/or the 
detected output current io2 is higher than or equal to a 
predetermined value i2 , the overcurrent protection circuit 
part 12 reduces the output voltage Vol and the output current 
iol so that the Vol-iol relationship has the foldback 
characteristic . 

The voltage control part 11 includes an operational 
amplifier AMP1, a reference voltage generator circuit 21 
generating and outputting a predetermined reference voltage 
Vrl, a voltage control transistor Ml formed of a PMOS 
transistor, and resistors Rl and R2 . The voltage control 
transistor Ml and the resistors Rl and R2 are connected in 
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series between the input terminal INI and ground. The 
connection of the voltage control transistor Ml and the 
resistor Rl is connected to the first output terminal OUT1 . 
The series circuit of the resistors Rl and R2 generates a 
first detection voltage Vdl proportional to the output voltage 
Vol, and outputs the first detection voltage Vdl to the non- 
inverting input terminal of the operational amplifier AMP1. 
The reference voltage Vrl is input to the inverting input 
terminal of the operational amplifier AMPl . The output 
terminal of the operational amplifier AMPl is connected to the 
gate of the voltage control transistor Ml. 

The over cur rent protection circuit part 12 includes 
operational amplifiers AMP2 and AMP3, a current .detection 
transistor M2 formed of a PMOS transistor, current control 
transistors M3 and M4 each formed of a PMOS transistor, and 
resistors R3, R4, and R5 . The current detection transistor M2 
and the resistor R3 are connected in series between the input 
terminal INI and ground. The gate of the current detection 
transistor M2 is connected to the output terminal of the 
operational amplifier AMPl. The connection of the current 
detection transistor M2 and the resistor R3 is connected to 
the inverting input terminals of the operational amplifiers 
AMP 2 and AMP 3 . 

The current control transistors M3 and M4 are 
connected in parallel between the input terminal INI and the 
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gate of the voltage control transistor Ml. The output 
terminal of the operational amplifier AMP2 is connected to the 
gate of the current control transistor M3 . The output 
terminal of the operational amplifier AMP3 is connected to the 
gate of the current control transistor M4. The resistors R4 
and R5 are connected in series between the second output 
terminal 0UT2 and ground. The series circuit of the resistors 
R4 and R5 generates a second detection voltage Vd2 
proportional to the output voltage Vo2 , and outputs the second 
detection voltage Vd2 to the non-inverting input terminal of 
the operational amplifier AMP3 . The first detection voltage 
Vdl is input to the non- inverting input terminal of the 
operational amplifier AMP2 . 

Next, the charge pump circuit part 3 includes switch 
elements SW1, SW2 , SW3 , and SW4 each formed of a MOS 
transistor, capacitors CI, C2 , and C3, and a clock generator 
circuit 25 controlling the switching of the switch elements 
SW1 through SW4. Each of the switch elements SWl through SW3 
is formed of a PMOS transistor, and the switch element SW4 is 
formed of an NMOS transistor. The switch elements SWl and SW3 
are connected in series between the first and second output 
terminals OUT1 and OUT2 . The switch elements SW2 and SW4 are 
connected in series between the first output terminal OUT1 and 
ground . 

The clock generator circuit 25 generates and outputs 
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clock signals CLK1 , CLK2 , and CLK3 . The clock signal CLK1 is 
input to the gate of the switch element SW1. The clock signal 
CLIO is input to the gate of each of the switch elements SW2 
and SW3. The clock signal CLK2 is input to the gate of the 
switch element SW4 . The capacitor CI is connected between the 
first output terminal 0UT1 and ground. The capacitor C3 is 
connected between the second output terminal OUT2 and ground. 
The capacitor C2 is connected between the connection of the 
switch elements SWl and SW3 and the connection of the switch 
elements SW2 and SW4 . 

In this configuration, in the voltage control part 
11, the operational amplifier AMPl controls the gate voltage 
of the voltage control transistor Ml so that the first 
detection voltage Vdl is equalized with the reference voltage 
Vrl. As a result, the output voltage Vol is equal to Vrlx (Rl 
+ R2)/R2, where Rl and R2 indicate the resistances of the 
resistors Rl and R2, respectively. FIG. 4 is a diagram 
showing examples of the clock signals CLK1 through CLK3 
generated in the clock generator circuit 25. Referring to FIG. 
4, the clock signals CLK1 and CLK2 are opposite in phase. 
When the level of the clock signal CLK1 is LOW, the switch 
element SWl is switched ON. When the level of the clock, 
signal CLK2 is HIGH, the switch element SW4 is switched ON. 
Accordingly, the switch elements SWl and SW4 are switched ON 
and OFF simultaneously. 
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When the level of the clock signal CLK3 is LOW, the 
switch elements SW2 and SW4 are switched ON. When the switch 
elements SW1 and SW4 are switched ON, the capacitor C2 is 
charged with the output voltage Vol of the constant voltage 
5 circuit part 2. When the switch elements SW2 and SW4 are 

switched ON, the voltage of the capacitor C2 is added to the 
capacitor CI, so that the capacitor C3 is charged with the 
combined voltage. Accordingly, the voltage of the capacitor 
C3, which is the output voltage Vo2 of the charge pump circuit 
10 part 13, is double the output voltage Vol of the constant 
voltage circuit part 2. 

Since the output voltage Vo2 of the charge pump 
circuit part 3 is double the output voltage Vol of the 
constant voltage circuit part 2, the output current io2 of the 
15 charge pump circuit part 3 is half of the output current iol 
of the constant voltage circuit part 2 as shown in FIG. 5. 
FIG. 5 is a diagram showing the relationship between the 
output voltage Vol and the output current iol and the 
relationship between the output voltage Vo2 and the output 
20 current io2 . In FIG. 5, the characteristic indicated by OUT1 
represents the relationship between the output voltage Vol and 
the output current iol, and the characteristic indicated by 
OUT2 represents the relationship between the output voltage 
Vo2 and the output current io2 . 
25 When the output current iol of the constant voltage 
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circuit part 2 increases to il shown in FIG. 5, the voltage at 
the inverting input terminal of the operational amplifier AMP2 
exceeds the first detection voltage Vdl . As a result, the 
current control transistor M3 is switched ON to increase the 
gate voltage of the voltage control transistor Ml. This 
reduces the output voltage Vol of the constant voltage circuit 
part 2, and controls an increase in the current iol output 
from the voltage control transistor Ml . When .the output 
voltage Vol of the constant voltage circuit part 2 decreases, 
the first detection voltage Vdl also decreases. Accordingly, 
the current iol output from the voltage control transistor Ml 
starts to decrease. 

Referring to FIG. 5, even when the output voltage 
Vol of the constant voltage circuit part 2 is reduced to 0 V, 
the output current iol is only reduced to i2 . This is because 
if the overcurrent protection circuit part 12 reduces the 
output current iol to 0 A, the output voltage Vol of the 
constant voltage circuit part 2 may not rise in the case of 
rising from 0 V. When the output voltage Vol of the constant 
voltage circuit part 2 is 0 V, a positive offset voltage is 
caused to be generated at the inverting input terminal of each 
of the operational amplifiers AMP2 and AMP3 so that a current 
of i2 flows as the output current iol. The offset voltage may 
be generated by, for instance, changing the size of each of 
the transistors used for the two inputs of each of the 
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operational amplifiers AMP2 and AMP3 . 

On the other hand, in case the output voltage Vo2 of 
the charge pump circuit part 3 decreases or the output current 
iol of the constant voltage circuit part 2 increases, when the 
5 voltage at the inverting input terminal of the operational 
amplifier AMP3 becomes higher than the voltage at the non- 
inverting input terminal thereof, the output voltage of the 
operational amplifier AMP3 decreases to reduce the gate 
voltage of the current control transistor M4. As a result, 

10 the current control transistor M4 is switched ON to increase 
the gate voltage of the voltage control transistor Ml, thus 
reducing the output current iol of the constant voltage 
circuit part 2. Accordingly, the output voltage Vol of the 
constant voltage circuit part 2 also decreases to reduce the 

15 output voltage Vo2 of the charge pump circuit part 3, thus 
further reducing the output current iol of the constant 
voltage circuit part 2 . 

The resistances of the resistors Rl and R2 and the 
resistances of the resistors R4 and R5 are set so that the 

20 first detection voltage Vdl is lower than the second detection 
voltage Vd2 while the output voltage Vol of the constant 
voltage circuit part 2 remains a predetermined value and while 
the output voltage Vol of the constant voltage circuit part 2 
is lower than the output voltage Vo2 of the charge pump 

25 circuit part 3. Therefore, as shown in FIG. 5, a first 



WO 2004/093304 PCT/JP2004/005236 

-17- 

overcurrent protection circuit part formed by the operational 
amplifier AMP2 and the current control transistor M3 operates 
until the output voltage Vol of the constant voltage circuit 
part 2 is equalized with the output voltage Vo2 of the charge 
pump circuit part 3 at a voltage Vsl. 

On the other hand, when the output voltage Vo2 of 
the charge pump circuit part 3 becomes lower than the output 
voltage Vol of the constant voltage circuit part 2 as in a 
case where the second output terminal OUT2 of the charge pump 
circuit part 3 is short-circuited to ground, a second 
overcurrent protection circuit part formed by the operational 
amplifier AMP3 and the current control transistor M4 operates. 
Therefore, the output voltage Vol of the constant voltage 
circuit part 2 can be reduced below the voltage Vsl, and the 
output current iol of the constant voltage circuit part 2 can 
be reduced to the current value i2. Here, the PMOS transistor 
M2 and the resistor R3 form a current detection circuit part, 
the resistors Rl and R2 form a first output voltage detection 
circuit part, and the resistors R4 and R5 form a second output 
voltage detection circuit part according to this embodiment. 
Further, referring to FIG. 3, the constant voltage circuit 
part 2 and the charge pump circuit part 3 except the 
capacitors CI through C3 can be integrated into a single IC. 

Thus, according to the DC-DC converter 1 of this 
embodiment, when the output voltage Vo2 of the charge pump 
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circuit part 3 becomes lower than the output voltage Vol of 
the constant voltage circuit part 2, the second overcurrent 
protection circuit part formed by the operational amplifier 
AMP3 and the current control transistor M4 reduces the output 
voltage Vol of the constant voltage circuit part 2 below the 
voltage Vsl , and reduces the output current iol of the 
constant voltage circuit part 2 to a desired value, that is, 
the current value i2 . Therefore, even if the output terminal 
OUT2 of the charge pump circuit part 3 is short-circuited to 
ground, the output current io2 of the charge pump circuit part 
3 can be reduced to the desired current value i2, thereby 
increasing reliability. 

The present invention is not limited to the 
specifically disclosed embodiment, and variations and 
modifications may be made without departing from the scope of 
the present invention. 

The present application is based on Japanese 
priority patent application No. 2003-109217, filed on April 14, 
2003, the entire contents of which are hereby incorporated by 
reference . 



